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1. 种苗期进行 Cr(Ⅵ)胁迫处理 25d，白骨壤种苗初期萌发率表现“低促高
抑”变化规律；随着胁迫时间的延长和胁迫强度的提高，白骨壤幼苗幼叶萌生
和幼苗成活率均受到抑制。 
2. 种苗期进行 Cr(Ⅵ)胁迫处理（45d 或 150d）对白骨壤幼苗根数影响不
大，但对根长、苗高、叶片大小、生物量均有不利影响，且浓度越高越明显。 
3. 种苗期进行 Cr(Ⅵ)胁迫 45d，对幼苗各组分含水量影响不大，但至 150d，
但各组分含水量较 45d 略有下降。 
4. 种苗期进行 Cr(Ⅵ)胁迫处理 45d 或 150d，白骨壤幼苗叶片叶绿素含量
表现“低促高抑”变化规律；幼苗期进行胁迫处理 45d 对叶片叶绿素含量有抑
制作用。 























7. 种苗期进行 Cr(Ⅵ)胁迫 45d，随着生长基 Cr(Ⅵ)浓度的提高，白骨壤幼
苗根尖和叶片 SOD 活性均表现为随之逐渐上升，胁迫时间延长达 150d 时，叶
片 SOD 活性仍随 Cr(Ⅵ)浓度提高而升高，而根尖 SOD 活性在高浓度（≥10.0 
mg·L-1）则有下降趋势；幼苗期进行 Cr 胁迫 45d，对白骨壤幼苗根尖和叶片 SOD
活性均有一定的抑制作用。 




现出不同程度的抑制作用；幼苗期进行 Cr(Ⅵ)胁迫 45d，对白骨壤幼苗根尖 CAT
活性有抑制作用，叶片 CAT 活性则表现“低促高抑”规律。 
9. 种苗期进行 Cr(Ⅵ)胁迫处理（45d 或 150d）对白骨壤幼苗根尖和叶片
AsA 含量均有明显的促进作用，且 150d 提高幅度大于 45d；幼苗期进行胁迫处
理 45d，对白骨壤幼苗根尖和叶片 AsA 含量有一定的促进作用，但提高幅度小
于种苗期。 
10. 种苗期进行 Cr(Ⅵ)胁迫处理，白骨壤幼苗根尖在高浓度（≥10.0 mg·L-1）
胁迫则一定程度上促进膜脂过氧化作用；而叶片膜脂过氧化作用不明显，幼苗
期进行胁迫处理 45d，根尖和叶片膜脂过氧化作用随 Cr(Ⅵ)浓度的提高而加强。 
11. 种苗期进行 Cr(Ⅵ)胁迫处理（45d 或 150d），白骨壤幼苗根、茎对 Cr
的吸收均表现为随胁迫浓度的提高而升高，且随胁迫时间的延长，各组分的 Cr
累积量增加；幼苗期进行胁迫处理 45d，白骨壤幼苗根对 Cr 的吸收表现出随胁
迫浓度的提高而升高，而茎、叶则表现为先升后降，且根、茎 Cr 含量低于种苗
期，而叶 Cr 含量则高于种苗期。 
12.白骨壤幼苗根系对培养基 Cr 的富集系数最大，即根系表现为 Cr 的最大
累积器官。 


















In this paper, mangrove Avicennia marina hypocotyls were cultivated in sand 
with 15‰ seawater. Some were treated with Cr(Ⅵ) once planted, and some were 
treated when growing 180 days. The influence of increasing concentrations of Cr(Ⅵ) 
(0、1.0、2.5、5.0、7.5、10.0、15.0、20.0 mg·L-1) on hypocotyls germination and growth, 
photosynethesis metabolism,water metabolism, salt contents and membrance 
protection system were observed to inquire into the ecophysiological responses of 
mangrove A.gymnorrhiza to Cr phytotoxicity. The results showed: 
1. The germination of A. marina seedlings rose first and then dropped during the 
early germination period. But with the stress time extending and the stress 
concentrations increasing, the shooting rate and the survival rate were restrained. 
2. The number of roots was not influenced remarkable by Cr(Ⅵ) whenever 
stressed 45 days or 150 days, and there were negative effects on the length of roots, 
the height of stems, the size of leaves and the biomass. 
3. When hypocotyls were stressed 45, the water content of some parts was not 
obviously influenced by Cr(Ⅵ) pollution, but when cultivated for 150 days, the 
water content of some parts increased comparing with it cultivated for 45 days. 
4. When hypocotyls were stressed 45 days or 150 days, the contents of 
chlorophyll a, chlorophyll b, and total chlorophyll of leaves were higher than 
CK ,while they rose first and then dropped; Treated 45 days when seedlings 
growthing 180 days, the contents were below CK remarkably. 
5. The content of soluble protein in roots and leaves were above CK when 
hypocotyls treated for 45 days, then dcreased when hypocotyls stressed 150 days;   
Stressed 45 days when seedlings growthing 180 days, the content of roots climbed 
with the increasing of Cr(Ⅵ) concentration, but that in leaves declined contrasting 
on CK.. 
6. When hypocotyls were stressed (45 days or 150 days), the POD activity of 
















the stress time extending and the stress concentrations increasing; Stressed 45 days 
when seedlings growthing 180 days, the POD activity of roots and leaves all 
decreased with t increasing stress concentrations.  
7.When hypocotyls were stressed 45 days, the SOD activity of roots and leaves 
all presented rose, when stress time reached 150 days, the SOD activity of leaves 
was restrained when the concentration of Cr(Ⅵ) was higher then 10.0mg·L-1; 
Stressed 45 days when seedlings growthing 180 days, SOD activity in roots and 
leaves all decreased comparing with CK. 
8. When hypocotyls were stressed 45 days, the CAT activity of roots rose ,but 
with the stress time extending to 150 days,it was opposite. The CAT activity of 
leaves was decreasing conspicuously when hypocotyls were stressed in a low 
concentration (≤2.5 mg·L-1) for 45 days, but with the stress time extending to 150 
days, it decreased gradually; Stressed 45 days when seedlings growthing 180 days, 
CAT activity in roots and leaves all rose first and then droped. 
9. The content of AsA in roots and leaves was rising obviously whenever 
stressed 45 days or 150 days; Stressed 45 days when seedlings 180 days, the content 
of AsA in roots and also increased. 
10. When hypocotyls were stressed (45 days or 150 days), the MDA 
concentration in the roots inceased when the concentration of Cr (Ⅵ) was higher 
then 10.0mg·L-1，but the effect of Cr (Ⅵ) on the MDA concentration in theleaves 
was not abvious; Stressed 45 days when seedlings 180 days, the MDA concentration 
in roots and leaves all inceased slightly. 
11. When hypocotyls were stressed (45 days or 150 days), the tendency of Cr 
absorption in roots and stems of A.marina seedlings rose with the stress time 
extending and the stress concentrations increasing; Stressed 45 days when seedlings 
180 days, the tendency of Cr absorption in roots still increased, but it in stems and 
leaves first rose and then dropped。 
12．The content of Cr in roots was the highest.  





































和 54Cr，其丰度分别为 4.31%、83.76%、9.55%和 2.38%，铬还能产生 5 种放射性
同位素，其中 51Cr 被广泛应用于生命科学中作为示踪原子。铬的主要价态有 0、
+2、+3、+4、+5 和+6，然而环境中只有+3 和+6 价能保持稳定状态[1,2]。 
1.1.2 土壤中 Cr 污染来源和含量分布 
土壤中 Cr 污染来源主要有两类，即自然源和人为源。含 Cr 的成土母岩经




































两种 Cr(Ⅲ)离子，即 Cr3+和 CrO2-；两种 Cr(Ⅵ)阴离子,即 Cr2O72-和 CrO42-。一般
认为，土壤溶液中 Cr(Ⅲ)的存在形态主要是 Cr(H2O) 63+及其水解产物和多种聚合
形态，Cr(Ⅲ)能被土壤强烈吸附、沉淀和螯合，土壤溶液中 Cr(Ⅲ)的浓度很快减




和沉淀作用与 pH 的关系[13]，pH＜4 是土壤吸附区域，pH4—6 为土壤吸附-沉淀
区域，pH＞6 为稳定沉淀区域。刘云惠等（2000）[14]研究表明，在 pH2.0～6.5
范围内，土壤对 Cr(Ⅵ)的吸附量随 pH 升高而增加，但增加量很小，当 pH>6.5
时，随 pH 升高吸附量急剧下降，至 pH 为 8 时，基本上不吸附 Cr(Ⅵ)。 
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